A unique anionic phosphenium complex was prepared from reaction of an N-heterocyclic chlorophosphine with Collman's reagent or K[HFe (CO) 4 ]/NaH and characterized by spectral and XRD data. The complex behaves as an ambident nucleophile. Reactions with acetic acid, ClSnPh 3 , and a further equivalent of an N-heterocyclic chlorophosphine proceed via electrophilic functionalization at the metal site to yield appropriate mono-or bis-phosphenium complexes. Reaction with MeI at −70°C produces a P-alkylation product as the first spectroscopically detectable intermediate, which decays at a higher temperature to give a mixture of free P-methylated N-heterocyclic phosphine and its Fe(CO) 4 complex. The different reaction products were characterized by spectral and XRD data. Computational studies indicate that the NHP units in all complexes display π-acceptor behaviour but show no disposition to adopt phosphide-like character or formally oxidize the metal centre.
Introduction
Cyclic diaminophosphenium ions (Ia, Scheme 1) are isosteric analogues of N-heterocyclic carbenes (NHCs, Ib) and, like NHCs, form a large variety of transition metal complexes. 1 However, whereas NHCs are nucleophiles and act mainly as strong σ-donor ligands, N-heterocyclic phosphenium ions (NHPs) are ambiphiles that combine a strong (π-)acceptor power with limited (σ-)donor ability, and interact with electron poor metal fragments to form a main dative M → L π-bond and a weaker dative L → M σ-bond. 1, 2 This bonding situation compares to that in metal carbonyls or Fischer-type (electrophilic) carbene complexes, 1e,2 and the M-P-bonds exhibit accordingly distinct double bond character (cf. IIa, Scheme 1).
In complexes with electron rich and weak Lewis acidic metal fragments, NHPs can also act as electrophiles 3 ("Z-type ligands" 4 ) that have been considered to bind essentially via a dative M → P bond (cf. IIb, Scheme 1). 5 It has recently been pointed out that the bonding in complexes of this type may be portrayed as the interaction of an anionic ("X-type") phosphido ligand with a formally oxidized metal centre, and that the dualism of both descriptions together with the pyramidalization at the phosphorus atom and M-P bond lengthening upon transition from IIa to IIb allows one to draw parallels to the "non-innocent" behaviour of metal nitrosyls. 6 The unique disposition of NHPs to interact with low valent metal centres has repeatedly been used to stabilise anionic metal fragments [M(L) n X] − (containing usually a zero-valent metal atom and an anionic ligand X), 2b,3,7,8 so that to date both cationic ([(NHP)M(L) n ] + ) and neutral NHP complexes ([(NHP)M(L) n X]) are known. [1] [2] [3] [4] [5] [6] [7] [8] Although the chemistry of the latter has not been widely explored, they are expected to display a similar distributed nucleophilicity as neutral complexes of acyclic aminophosphenium ions which can be attacked by electrophiles at the metal atom, the phosphorus atom, or the MP bond, respectively.
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In the light of these findings, complexes [(NHP)M(L) n ] − with an overall negative charge and CC-unsaturated NHP ligands (1,3,2-diazaphospholenium ions) make an interesting synthetic target. These specimens should be accessible from suitable phosphorus electrophiles and metallate dianions featuring a metal atom in the negative formal oxidation state. Coordinated diazaphospholenium ions, apart from providing tunable steric protection, exhibit low tendency toward "noninnocent" behaviour, 7b and should thus provide electronic stabilization without entirely removing the electron excess at the metal atom. The formed complexes might then still behave as metal-centred nucleophiles, a class of compounds that has lately gained attention for uses in catalysis. 10 Following these lines, we report here on the synthesis of a NHP carbonyl ferrate, which is a first anion analogue of cationic and neutral phosphenium complexes, and on initial reactivity studies, which confirm that this species behaves in fact as a metal-centred nucleophile but retains also some ambident character.
Results and discussion
By analogy to the known synthesis of neutral phosphenium tricarbonylcobaltates, 5 Considering that such a charge distribution should support a behaviour as an iron-centred nucleophile, we studied reactions of Na The protonation of 2 to 3a can be reversed by the action of a strong base (NaH), and combining the reaction of K[HFe-(CO) 4 ] and 1 with a subsequent deprotonation offers thus alternative access to anion 2. Monitoring the deprotonation of 3a by 31 P NMR allowed us to establish that the reaction is slow and 2 and 3a undergo no dynamic exchange on the NMR time scale, indicating that the kinetic acidity of 3a is unusually low. Reaction of Na[2] with ClSnPh 3 , which is a softer electrophile than H + , proceeds likewise under attack at the metal to afford complex 4 (Scheme 2) which was identified by spectral data and a single-crystal XRD study (see ESI †). The iron atom adopts trigonal-bipyramidal coordination like in 3a, but the Ph 3 Sn and NHP ligands occupy now both axial positions, presumably due to steric reasons. Electrophilic attack at iron is also observed upon treatment of Na[2] with one more equivalent of 1. The reaction proceeds with spontaneous decarbonylation to yield bis-NHP complex 5 (Scheme 3) which is a rare example of a complex featuring two terminal phosphenium ligands coordinated to the same metal atom. 24 A single-crystal XRD study ( Fig. 3 ) reveals distorted tetrahedral coordination at iron, whereas the Fe-C and Fe-P bond lengths and the trigonal planar coordination at the phosphorus atoms are similar as in 2-4. Computational studies on model complexes 3a′/5′ (with NMe instead of NDipp residues) imply a slight weakening of Fe-P bonds (Fe-P 2.047/2.017 Å; WBI 1.20/1.33) compared to 2′, which is mainly because of the M → L π-bonding and creates an enlarged partial charge (1.01/1.19) on the NHP unit. These findings confirm the role of the phosphenium moieties as Fischer-carbene analogue ligands which exert their stabilizing influence by a combination of ambiphilic σ-donor/ π-acceptor and electrostatic interactions. A marked π-acceptor character of the NHP unit is once more highlighted by the 
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This journal is © The Royal Society of Chemistry 2015 suggests that the π-acceptor capability of the NHP unit remains inferior to that of a nitrosyl. In contrast to the cases described so far, the reaction of Na[2] with MeI (Scheme 3) affords no metal-functionalized product but a mixture of a P-alkylated phosphine complex 7 and its iron complex 6 which was isolated in modest yield and characterised by a single-crystal XRD study. The identity of both species was further established in situ from multinuclear NMR studies and verified by their independent synthesis (see Experimental). The observed product distribution implies that elemental iron or some iron-containing compounds are formed as by-products, even if none of these was directly identified.
The reaction leading to 6 and 7 seems appealing as it may at first glance be considered to involve nucleophilic reactivity of an electrophilic phosphorus atom. However, in view of a previous report by the group of Nakazawa on the assembly of a related P-alkylated ligand through migratory insertion of a phosphenium unit into a metal-alkyl bond, 26 it is entirely possible that the initial electrophilic functionalization occurs at the iron site and the final products are formed in subsequent rearrangement steps. In order to cast further light on these mechanistic aspects, we followed the reaction of Na[2] with MeI at low temperature by VT NMR spectroscopy. The 1 H and 31 P NMR spectra recorded immediately after mixing both reactants at −70°C disclosed that under these conditions a previously unobserved species 8 (Scheme 3) had formed as a major product (approx. 90% of all phosphorus-containing species by integration of the 31 P NMR spectrum) besides minor amounts of 6 and 7 (<10%) and trace quantities of unidentified by-products. The composition of the reaction mixture did not change perceptibly as long as the temperature was kept below −50°C. At this point, the onset of a slow and irreversible conversion of 8 into a mixture of 6 and 7 was noted. This process accelerated upon warming, and went eventually to completion after the sample had reached ambient temperature. Further spectroscopically observable intermediates were not detected. Since the initial product distribution varied somewhat (in a non-reproducible manner) between repeated experiments, we assume that 8 is the primary reaction product, and the initially present amounts of 6 and 7 are formed as a consequence of insufficient control of local temperature or concentration during the mixing of reactants. The constitutional assignment of the intermediate 8 was feasible from the analysis of a set of one-and two-dimensional NMR spectra recorded at low temperature. 
that the methyl is bound, like in 6 and 7, to the phosphorus rather than the iron atom. This assignment is further supported by (i) the presence of two distinguishable anisochronic environments for the iPr-groups in the NDipp-substituents, which implies that the coordination at phosphorus is pyramidal or tetrahedral (as in 6, 7) rather than planar (as in 2-5), and (ii) the observation of 1 H-NOESY cross peaks which connect the CH 3 -signal with both the signal of the CH-atoms in the diazaphospholene ring and the signals of one anisochronic iPr-group (the one on the same side of the five-membered ring; see ESI †). On this basis, we formulate the product as a complex in which the iron atom is bound to three carbonyls and the neutral phosphine 7, and the remaining coordination site remains empty or is occupied by a solvent molecule (8, Scheme 3). Starting from this assignment, the conversion of 8 into a mixture of 6 and 7 is explained as the consequence of ligand extrusion/redistribution reactions which are common for carbonyl complexes that are coordinatively unsaturated or carry weakly bound solvent ligands. Considering that the VT NMR studies provided no evidence for the formation of a metal functionalized species as a precursor to 8, we consider it likely that this species may indeed constitute the initial reaction product. Even if this interpretation seems at first glance counterintuitive, it is backed by the finding that the HOMO−1 of 2′ (which arises from mixing a filled metal-centred orbital with a σ*(PN) ligand orbital) contains a perceptible P-centred contribution, and the anion retains thus a certain degree of ambident character. It is currently under investigation if the attack of carbon-based electrophiles can be directed by steric effects.
Conclusions
In conclusion, we describe the successful synthesis of a NHP carbonyl ferrate which complements known cationic and neutral phosphenium complexes by a first anionic derivative. Structural and computational studies indicate that the ligand retains its electrophilic nature and shows no disposition to adopt phosphide-like character or formally oxidize the metal centre. Accordingly, the NHP ferrate reacts mainly as a metal centred nucleophile, but still retains some of the ambident character that is otherwise typical of neutral metallophosphenium complexes.
Experimental

General conditions
All manipulations were carried out under dry argon. Solvents were dried by standard procedures. NMR spectra were recorded on Bruker Avance AV 400 or AV 250 instruments ( 4 ] (234 mg, 1.12 mmol) and THF (3 ml) were introduced into a Schlenk flask and stirred for 10 min at r.t. The flask was then cooled to −78°C in a dry ice-acetone bath, and a solution of 1 (500 mg, 1.12 mmol) in THF (5 ml) was added dropwise. The solution was allowed to warm to r.t. and stirred for another 2 h. The solvent was removed under reduced pressure. The remaining black solid was extracted with hexane. The mixture was filtered and evaporated to dryness. The residue was dissolved in a minimum amount of hexane. The resulting solution was stored at 4°C to give 573 mg (93%) of 3a as yellow crystals, m.p. >350°C (dec.). A solution of 1 (500 mg, 1.12 mmol) in THF (5 ml) was added dropwise with stirring. The solution was allowed to warm to r.t., stirred for 2 h, and filtered. The solution was again cooled to −78°C, and another equivalent of 1 (500 mg, 1.12 mmol) was added. Stirring was continued for 2 h during which the mixture was allowed to warm to r.t. Solids were then filtered off, and the solvent was removed under reduced pressure. The remaining dark solid was treated with hexane, the mixture filtered, and the filtrate evaporated to dryness. The residue was dissolved in a minimum amount of hexane and stored at 4°C, to give 570 mg (55%) of red crystals, m.p. >350°C (dec.). (b) Alternatively, 5 was directly accessible from reaction of Collman's reagent with 2 equiv. of 1: Na 2 [Fe(CO) 4 ] (390 mg, 1.12 mmol) and THF (20 ml) were introduced into a Schlenk flask and stirred for 10 min at r.t. The flask was then cooled to −78°C in a dry ice-acetone bath, and a solution of 1 (1.00 g, 2.25 mmol) in THF (10 ml) was added dropwise. The mixture was allowed to warm to r.t. and stirred for another 2 h. The solvent was removed under reduced pressure and the remaining dark solid was treated with hexane. The mixture was filtered and the filtrate was evaporated to dryness. The residue was dissolved in a minimum amount of hexane and stored at 4°C, to give 747 mg (72%) of red crystals, m.p. >350°C (dec.). 31 Analytical data were found to show a strong dependence on the combustion conditions which implied that even at elevated temperatures no complete combustion could be achieved. As several attempts to establish optimum conditions failed, no meaningful elemental analysis was obtained. The homogeneity of the product was established using spectral data (see ESI †). Reaction of Na[2] with MeI. (a) A solution of Na[2] was prepared as described above (variant (a)) from Na 2 [Fe(CO) 4 ] (390 mg, 1.12 mmol) and 1 (500 mg, 1.12 mmol). After quantitative formation of the product had been established by NMR, the solution was cooled to −78°C, and freshly distilled MeI (160 mg, 1.12 mmol) was added dropwise. The solution was then allowed to warm to r.t. and stirred for another 2 h. (  1 H, 13 C, 31 P) NMR spectra at −70°C immediately after mixing revealed the presence of a major product identified as complex 8 (approx. 90% of phosphorus-containing species by integration of the 31 P NMR signals) besides minor amounts of 6 and 7 (<10%, presumably formed as a consequence of insufficient control of local temperature or concentration during the mixing process) and trace quantities of unidentified by-products. Monitoring the further progress of the reaction during slow warming to r.t. allowed us to establish that 8 decays to yield a mixture of 6 and 7. No further intermediates were spectroscopically observable during this process. (15)), and an extinction correction was applied. Furthermore, one solvent molecule (THF) is disordered, and the high U ij -values in another one indicate a slight disorder, which was not resolved. 4 shows high U ij -values for the Fe(CO) 3 moiety as well as for one 2,6-diisopropylphenyl substituent indicating a disorder. The disorder was resolved and modelled for the Fe(CO) 3 moiety, the 2,6-diisopropylphenyl substituent and one iPr-group of the other 2,6-diisopropylphenyl substituent. Disordered C-and O-atoms in [PPh 4 ][2] and 4 were refined isotropically, and the Fe-atoms were refined anisotropically (see the cif-files for further details).
Computational studies
Computational studies were performed with the Gaussian03 29 suite of programs using def2-tzvp basis sets 30 3 ], the molecular structure had to be re-optimized using a smaller def2-svp basis set for the [Li(OMe 2 ) 3 ] + cation, and the frequency calculation was performed at the same level. The structural features of both models showed no significant deviations). The NBO analysis 33 was performed with the NBO 3.1 program as implemented in the Gaussian package. MOLDEN 34 was used for the visualization of Kohn-Sham orbitals. View Article Online
